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Abstract 
A cooperative project between Shaanxi Provincial Institute of Energy Resources and Chemical Engineering and 
the Carbon Management Institute of University of Wyoming is being carried on in the Ordos Basin, aiming to 
integrate CO2 storage with CO2-EOR. This paper reports on the characterization of the targeted reservoir where CO2 
is to be injected. Characterization of the reservoir provides the basis for a geologic model to support the CO2 
injection simulation, and to develop injection strategies. Petrophysical well-logs were integrated with detailed core 
descriptions, thin sections and core analysis data into provide insight to the reservoir characteristics, pore structure 
features, and depositional environments. 
The upper Triassic Yanchang Formation, composed of clastic rocks is the main reservoir in the study and is 
located at field A in the Shaanbei slope of the Ordos basin. Although the field has been developed since 2003, water 
flooding development at present is constrained by low permeability, low porosity, high heterogeneity, high capillary 
pressure and high content of cementing material. 
 The sandstone of the Yanchang Formation is essentially a delta front subfacies depositional system and has two 
main microfacies. One is sub-aqueous distributary channel, with an average porosity of 10.31% and permeability of 
0.35h10-3μm2; the other is interdistributary bay.  
Integration of petrophysical well-logs, detailed core descriptions, thin sections and core analysis data provide 
insight into the facies interpretation, and provide the basis for the later reservoir modelling and injection simulation. 
The next step will be to build a 3D geologic model and then choose the most suitable sand body to perform on 
injection simulation. Although many CO2-EOR projects have been proven effective and bring satisfactory financial 
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return, for the low permeability reservoir in the Ordos basin, there are still critical technical concerns about CO2 
EOR projects. 
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1. Introduction 
The Upper Triassic Yanchang Formation is a continental clastic unit containing sandstones that form the 
reservoir for a pilot CO2injection project to perform in field A in the Ordos basin. A geological baseline study has 
concluded, based on a reconnaissance of previous data and models, that the Yanchang Formation is a low porosity, 
low permeability and low pressure reservoir, thus imposing complexity in the geometry and spatial distribution of 
reservoir properties to be considered essential in a CO2 injection simulation [1-8]. 
This paper reports the characterization of the Yanchang Formation, beyond the geological baseline study, using 
well-logs of 137 wells and core from 3 wells in field A. Special emphasis is directed to the characterization of the 
lithology, mineralogy, and sedimentary facies of the Yanchang Formation reservoir (sandstone) units. These data 
help to understand better the depositional and diagenetic evolution of the formation, sedimentary facies, and 
heterogeneity of the reservoir. 
The results of this borehole scale study constitute support for the stochastic, 3D geological reservoir model that 
describes the reservoir architecture between and beyond well control and is based on modelling of delta front 
subfacies using Petrel software. Further verification of the reservoir model beyond borehole scale is a key for the 
dynamic reservoir simulation. In addition, the data will provide valuable information for residual oil development 
using CO2 flooding.  
2. Geological background 
The Ordos basin is a large sedimentary basin with minor tectonic deformation, a multi-cycle structural evolution, 
and varied sedimentary facies (Fig.1). The bottom of the basin is composed of metamorphic rocks and crystalline 
rocks of Archaeozoic and Middle-Lower Proterozoic rocks. The sedimentary cover roughly underwent five phases: 
aulacogen structure in Middle-Late Proterozoic, epicontinental sea in Early Paleozoic, continental-marine transition 
in Late Paleozoic and fault depression in the Cenozoic. Thus was formed a three-layer structure: Lower Paleozoic 
carbonates, Upper Paleozoic marine to continental transitional coal clastic rock and Mesozoic and Cenozoic 
terrestrial clastic rock. The stratigraphic column is basically complete with a thickness of deposition of 6000 meters 
not including the Middle and Upper Ordovician, Silurian, Devonian and Lower Carboniferous [9]. Presently, three 
hydrocarbon-bearing sequences have been found in the basin, including Lower Palaeozoic, Upper Palaeozoic and 
Mesozoic, of which the Upper Triassic Yanchang Formation and Jurassic Yanan Formation are the main oil-bearing 
formations. 
The structure of present-day Ordos basin shows as a N-S asymmetric - basin with a gently dipping slope and 
asteeply dipping west slope. The structure of the basin is relatively simple and the stratais almost horizontal with 
less than 1° of dip. Based on the  present-day structural feature, combining with the evolution history of the basin, 
the Ordos Basin is divided into six structural units: the thrust belt of the western margin, Tianhuan depression, 
Shaanbei slope, Jinxi fault-fold belt, Yimeng uplift and Weibei uplift. 
 Field A is located in the middle-south part of Shaanbei slope. The Shaanbei slope mainly formed in the early 
Cretaceous and is overall a gentle west-tilting monoclinal structure with less than 1° of dip. 
3. Stratigraphy 
© 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
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The Yanchang Formation in field A is a set of grayish black mudstones, sandy shales with gray-green fine 
sandstones, fine siltstone and pelitic siltstone, which indicates that field A was in a lake-basin centre during the 
Triassic with weak hydro-dynamic conditions. The well logs show a high electrical resistivity base value, high 
natural gamma ray and low acoustic velocity in the reservoir units. Because of the regional tectonic movement, the 
Yanchang Formation is in unconformable contact with the overlying strata Fuxian Formation. 
Fig.1. Geological map of the Ordos Basin. 
4. Database 
This study is based on observations from 32 cores of Yanchang Formation, and well logs from137 wells within 
the study area. Core and well-log data were integrated for sedimentology, stratigraphy, facies descriptions, pore 
structure of low permeability reservoir. A grid of well-log cross-sections was constructed to map the reservoir 
properties of the Yanchang Formation. Detailed thin section observations identified different porosity types and 
grain compositions within the Yanchang Formation. 
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5. Database 
5.1. Sedimentary facies and characterization 
The Yanchang Formation in field A is characterized as adelta front subfacies depositional system, made up of 
mainly two subfacies, a sub-aqueous distributary channel (SDC) with an average porosity of 10.31% and 
permeability of 0.35h10-3μm2, and an interdistributary bay facies (IBF). Thechannel mouth bar is not well 
developed.  
The sub-aqueous distributary channel is similar with the normal channel. The sand bodies are nearly symmetrical, 
lenticlar, and have the characteristics oflateral aggradation. It also has a banding distributionon plane, when 
gradually extending into the lake, it will become narrower, wider and then disappear. The self-potential curve (SP) 
of this sub-aqueous distributary channel is mainly a bell curve including fewer funnel-shaped and box curve. The 
sand body distributes widely and steadily with a great thickness, which is the result of superposition of multiphase 
channels. Also a thick sand body and mudstone of interdistributary bay usually overlap vertically (Fig.2).  
The interdistributary bay facies develops in the shore-shallow lake area between the sand bodies of the sub-
aqueous distributary channel. The lithology is generally fine grained. Its electrical characteristics show a low and 
flat self-potential and microelectrode curve, high electrical resistivity, high acoustic velocity and mid-high natural 
gamma ray value (Fig.2). 
Fig.2. Sedimentary facies of Yanchang Formation 
IBF: interdistributary bay facies.  SDC: sub-aqueous distributary channel. 
5.2. Petrography and mineral composition 
5.2.1 Detrital mineralogy 
Sandstones of the Yanchang Formation are classified as fine-grained arkoses. Thin-section analysis indicates that 
quartz, feldspar, as well as volcanic rock fragments and micas comprise the most abundant detrital components of 
the sandstone (Fig.3). The volume percentage of quartz grains ranges from 18 to 22.5. The feldspar content varies 
from 38 to 44 vol.%. The percentage of rock fragments ranges from 16 to 21 vol.%.  
5.2.2 Clay mineralogy 
Clay minerals are widespread in these rocks. They not only exist in matrix between skeletal grains but also as 
pore fill attach to the pore wall after precipitation from pores during the diagenesis stage. Because the clay minerals 
are generally fine grained and mostly exist in pore throats, and are therefore preferred to adhere to external fluids, 
which can affect the sensitivity of the reservoir directly. Clay mineral analysis is important for effective reservoir 
development. 
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Fig.3. Microphotographies of sandstone sample of the Yanchang Formation 
Grains arrange moderate closely with medium developed pores. (a) Elongated grains are characterised by directional arrangement with randomly 
distributed large and small grains. (b) Pelite and clayminerals show film-like and agglomerate distribution. A small amount of calcite crystal 
distributesporadically. Rock fragments are mainly acid extrusive rockswith minorphyllite and mudstone. Mica is mostly altered and distributes 
directionally. 
Fig.4 shows SEM images of sample N of the Yanchang Formation. They illustrate the distribution of 
clayminerals. X-ray diffraction further analyzes the content of clay minerals in the rock sample (Table 1). It reveals 
that the main clay minerals contained in the Yanchang Formation are illite, kaolinite, chlorite, mixed-layered 
chlorite and smectite, and a small quantity of mixed-layered illite and smectite. In addition, the content of iron in the 
chlorite is high, and will react with acidizing fluid injected into the formation. With acidizing fluid, PH value will 
gradually increase, and the precipitation iron will form ferric hydroxide and plug the pore throat. 
5.3. Pore structure characterization 
5.3.1 Conventional Mercury Penetration 
Capillary pressure measurement is applied for the quantitative study of micro pore structure. Because the pore 
space of reservoir rock is composed of small pores and throats, the formation fluidscannot flow freely under the 
effect of capillary pressure until the external force is greater than capillary pressure. Therefore, capillary pressure is 
a important factor in hydrocarbon migration, accumulation and development [10-13]. 
According to the analysis results, the low permeability cores of Field A can be classified into twocategories, one 
is those of which the permeability is less than 1u10-3μm2, the distribution of the pore throat radius is narrow with a 
peak value of 0.16 to 0.63μm, and the maximum radius is about 0.09 to 2.21μm and the average throat radius is 
relative small with a value of 0.03 to 0.69μm; the second category is those of which the permeability varies from 
1~4u10-3μm2, and the maximum radius is about 1.09 to 3.77μm, the average throat radius ranges from 0.28 to 
1.05μm. The radius of the throat mainly shows a bimodal distribution, which reveals that the pore structure is 
complicated, and secondary pore structure is well developed. 
Furthermore, based on the capillary pressure curve characteristics, when the permeability is less than 0.1u10-3μm2, 
there will be a horizontal section on the injection curve, which reveals that the sorting of the throat is well; when the 
permeability is greater than 0.2u10-3μm2, the injection curve will be sloping with no horizontal section, which 
indicates that the distribution of the throat is a large range. There is a positive correlation between sorting coefficient 
and permeability, when the sorting coefficient is small, the correlation is better; otherwise, the correlation is worse. 
It is revealed that there is a negative correlation between median pressure and reservoir property. Therefore, the 
median pressure will decrease as the reservoir property becomes better and pore and throat radius increases. 
Besides,when the permeability is less than 0.8u10-3μm2, with continuing declining of permeability, the median 
pressure will greatly increase. 
(a) (b) 
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Median radius also has a good positive correlation with porosity and it also has certain effect on permeability. 
The maximum radius of the pore throat has a positive correlation with reservoir properties, and a better correlation 
with permeability, which indicates that the permeability of targeted reservoir is mainly provided by larger throat. 
Fig.4. SEM images of sandstone sample N of the Yanchang Formation 
(a) Grains arrange closely, and some grains inlaid each other; (b) Pores are not well developed, and pore connectivity is poor; 
 (c) Grain is wrapped by chlorite; (d) Secondary quartz and chlorite are symbiotic in intergranular pore. 
Table.1. Content of clay minerals (%) 
Sample Smectite Illite Kaolinite Chlorite Illite/Smectite Chlorite /Smectite 
L  11 16 60  13 
M  6 14 65 1 14 
N  10 8 70  12 
O  4 13 74  9 
P  6 15 58  21 
5.3.2 Constant rate mercury penetration 
Unlike the conventional test, the constant rate mercury penetration technique is based on mercury injection into 
throat and pore at an ultra-low constant rate, which will  not only determine the development situation of throat and 
pore, respectively, but also show the size and distribution characteristics of pore-throat ratio. Therefore, it 
(a) (b) 
(c) (d) 
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overcomes the defects of conventional mercury penetration, and is especially suitable for low permeability reservoir 
with different properties between pore and throat.  
The microscopic pore structure data of 3 samples of Yanchang formation is obtained through constant rate 
mercury penetration (Table 2). 
Table.2. Pore throat characteristics parameters of core samples 
Sample 
Permeability 
measured 
with gas 
(10-3μm2) 
Porosity 
˄%˅ 
Effective 
pore volume 
(mL/cm3) 
Effective 
throat 
volume(mL/c
m3) 
Number of 
pores 
(number/cm3) 
Number of 
throat 
(number/cm3) 
Weighted 
average of 
pore 
radius(μm) 
Weighted 
average of 
throat 
radius(μm) 
I 0.143 13.269 0.0432 0.0302 3680 3765 137.69 0.388 
J 1.526 14.265 0.0521 0.0412 4011 4030 136.23 1.146 
K 2.023 13.130 0.0562 0.0548 3449 3428 144.21 1.178 
It is shown in Table 2 that the weighted average of pore throat radius of sample I is smaller than sample J and K, 
even their porosity are close and the permeability varies a lot. In addition, the majority of pore throat of sample I 
distributes in the range of smaller radius, while the pore throat radius of sample K is the most widely distributed and 
the average throat radius is much larger. Therefore, sample K has larger pore throat - radius than I and J have, which 
determines that the permeability of sample K is greater than sample I and J's. As a result, for low permeability 
reservoir, the distribution of larger throat determines the permeability. The greater the pore throat radius is, the 
greater of permeability is.It is also revealed that there is no direct functional relation between number of effective 
throat and permeability. While permeability will increase as effective throat volume increases, but their positive 
correlation is not evident.  
The pore characteristics can be analyzed through effective pore volume, size of pores and number of pores. The 
porosity of all three samples distribute closely, but the permeability varies a lot, which indicates that permeability of 
low permeability is not determined by porosity. Also, number of pores and weighted average of pore together 
determine the effective pore volume. 
6. Conclusions 
The Yanchang Formation which would be injected with CO2 for enhanced oil recovery, with an average porosity 
of 10.31% and permeability of 0.35h10-3μm2, is fine-grained arkose deposited in an sub-aqueous distributary 
channel. Porosity distribution within the reservoir unit is controlled by throat radius, the larger of throat radius and 
the smaller theaverage radius values are, the better the pore structures and reservoir properties. Some other 
parameters as the largest connected throat radius, median throat radius, the mainstream throat radius, displacement 
pressure and median pressure also have important effect on reservoir property. While pore throat radius is also the 
key for permeability of ultra-low permeability reservoir, of which the relative larger throat just make a tiny portion, 
but make the greatest contribution to permeability. 
 Our data on reservoir property and mineral compositions from Yanchang Formation sandstones constitute 
essential input parameters for geological modelling and CO2 injection simulation. The next step includes nuclear 
magnetic resonance (NMR) to analysis movable fluid, and permeability saturation curve, wettability of rock and 
water displacing oil to analyze flow characteristics of the reservoir, and also the minimum miscible pressure (MMP) 
for CO2 flooding. Then 3D geological model of the study area will be generated for conduct a various CO2 injection 
simulation scenarios. 
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